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Summary  
We performed a case-controlled study to determine whether previous gynecological surgery is associated with severe 
osteoarthritis (OA) of the knee, the hip or the spine, as well as mild OA of the knee. Patients who underwent surgical 
treatment for OA were defined as having severe OA. Patients with knee pain and radiographic grade 20A in a tibiofemoral 
joint on the Kellgren and Lawrence scale were defined as having mild knee OA. An increased rate of hysterectomy was 
observed in the severe knee OA group after adjustment for age and number of children, or even after adjustment for body 
mass index. Hysterectomy in this group was most often performed for myoma uteri. Patients with mild knee OA tended 
to have previous hysterectomy. From the results, we speculate that certain subsets of OA which often take a progressive 
course might be related to hysterectomy. 
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Introduct ion 
SPECTOR ETAL. repor ted  an unexpectedly  high rate 
of pr ior  hysterectomy in women with osteoar thr i t i s  
(OA) at tending a rheumato logy  clinic when com- 
pared with contro ls  [1]. In  an inclusive retrospect ive 
cohort  study, an increased r isk for knee OA and first 
carpometacarpa l  OA was found in hysterectomized 
women [2]. I t  was hypothes ized that  hormona l  
d is turbances under ly ing diseases such as myoma 
uter i  or endometr ios is  played an etiologic role in 
these patients. However, no increase in surgical  
menopause  of women with OA has been descr ibed in 
other  studies [3, 4]. The re lat ionship  of hysterectomy 
to OA remains Controversial.  We per formed a 
case-control led study to examine the assoc iat ion of 
hysterectomy with OA in  Japanse  patients. 
Materials and methods 
QUESTIONNAIRE 
A quest ionnai re  concern ing  gynecological  and 
obstetr ic  problems was used for the survey. It 
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included age, number  of chi ldren (live born),  age 
at menarche,  age at menopause,  hys terectomy 
or oophorectomy,  and previous use of ora l  
contracept ives.  Data  were obta ined f rom the 
fol lowing groups. The same quest ionnai re  was used 
for each group. 
CONTROL GROUPS 
Two groups of contro l  subjects, C1 and C2, were 
investigated. C1 consisted of 500 women aged 40 
years and over, obta ined from a random sampl ing  o f  
e lectoral  registers  in Minakuchi -cho Shiga-ken, 
which has a popu lat ion  of about  30 000. A posta l  
quest ionnai re  was sent  to each indiv idual  and 
re turned  by mail. The survey was per formed in 1991. 
C2"was a group of 274 women over 40 in five areas  
in Shigaraki -cho Shiga-ken, who received an annua l  
hea l th  care examinat ion  by the town hea l th  center  
in 1992. This group compr ised 43% of the female 
inhab i tants  aged 40 years  and over. An in terv iew 
survey based on a quest ionnai re  was performed.  In 
addit ion, body weight and height  were measured ,  
and medica l  h istor ies of rheumat ic  ompla ints  were 
taken in this group. 
Both C1 and C2 were chosen as par t  of the 
catchment  populat ion  of the Shiga Univers i ty  of 
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Medical  Science Hospi ta l ,  which is located in a 
rura l  distr ict  in Japan.  
PAT IENT GROUPS 
All inclusive women who had been surgical ly  
t reated for OA of the knee, the hip or the spine at 
Shiga Univers i ty of Medical  Science Hospi ta l  
between 1980 and 1991 were defined as having severe 
OA. The severe knee OA group consisted of 57 
women aged 50-86 (mean 73.1), of whom 30 had tota l  
knee arthroplasty,  23 h igh t ibial  osteotomy, and four 
both; the severe hip OA group was compr ised of 119 
women aged 41-84 (mean 68.0) who had received 
total  hip ar throplasty;  and the severe spinal  OA 
group was composed of 38 women aged 48-84 (mean 
67.5) who had anter io r  or poster ior  decompress ion 
of the lumbar  spine (14) or cerv ical  spine (24) for 
spondylot ic  myelopathy or radiculopathy.  In 1992, a 
postal  quest ionnaire was sent to each subject  in the 
severe knee, hip and spine OA groups, and was 
returned by mail. The body weight and height  of 
each pat ient  were obta ined from the or thopedic  
surgery records. 
Mild knee OA pat ients  were defined as those 
having a rad iographic  score of grade 20A of a 
t ib iofemoral  jo int  on the Kel lgren and Lawrence 
scale [5]. They were selected from a series of 58 
women with t ib iofemoral  jo int  OA who attended the 
Shiga Univers i ty of Medica l  Science Hospi ta l  for 
knee pain from Apri l  to December  1992. The 
anteroposter ior  (AP) and lateral  view of the knee in 
supine posit ion were taken  for all patients,  and an 
AP view in a s tanding pos i t ion for 40 patients.  An 
interv iew survey based on a quest ionnai re  was 
per formed at their  visit  to the hospital .  Fol lowing 
col lect ion of data, two of the authors  evaluated and 
graded the X-rays on the Ke l lgren and Lawrence 
scale [5]. I f  both of the observers  had graded 2 for at 
least  one site, and 2 or less for the other  site of 
t ib iofemoral  joint, the pat ient  was defined as having 
grade 20A.  As a result,  40 pat ients  out  of 58 were 
selected as pat ients  with mi ld knee OA. 
COMPARISON BETWEEN PAT IENT AND CONTROL 
GROUPS 
C1 and C2 were combined to form the contro l  
group C1 + C2, and pat ient  groups were compared  
wi th  the C1 + C2. Data  concern ing  body mass index 
(BMI), ca lculated as weight (kg)/height (m) squared, 
were only available in the C2 and severe OA groups. 
Moreover,  data concern ing  rheumat ic  ompla ints  in 
the contro l  subjects were recorded only in the C2 
group. The C2 was used as a compar ison  group if 
analys is  included these data. 
STATISTICAL ANALYSIS 
Demographic  var iables between the two groups 
were compared  using Student 's  t-test. Odds rat io 
(OR) and 95% conf idence interval  (CI) were 
ca lcu lated for each OA group. For strat i f ied 
analysis,  age at examinat ion  was divided into two 
Table I 
Basic data of each group 
Severe Severe Severe Mild 
C1 C2 C1 + C2 knee OA hip OA spine OA knee OA 
Response rate (%) 60 
No. responding subjects 298 
Age, mean _+ S.D. 58.1 ± 11.8 
(No. adequate answers) (284) 
No. children, mean ± S.D. 2.5 ± 1.4 
(No. adequate answers) (281) 
Age at menarche, mean + S.D. 15.1 ± 1.9 
(No. adequate answers) (265) 
Age at menopause, mean ± S.D. 48.9 + 4.0 
100 - 65 77 82 100 
274 572 37 91 31 40 
61.7 ± 11.0 59.8 ± 11.6 71.5 ± 9.1t 68.0 ± 8.9t 67.7_+ 8.5t 63.5 ± 8.3* 
(274) (558) (37) (91) (31) (40) 
2.5 ± 1.1 2.5 _+ 1.3 3.4 ± 1.8t 2.6 ± 1.8 2.5 + 2.0 2.3 ± 1.2 
(274) (555) (36) (85) (30) (40) 
15.4 ± 2.0 15.2 ± 2.0 15.5 ± 1.7 16.0 ± 2.3j- 15.6 ± 1.9 15.7 ± 1.8 
(274) (539) (31) (81) (31) (40) 
48.3 ± 4.6 48.6 _+ 4.5 46.2 ± 6.1 49.3 ± 3.6 49.3 ± 3.5 48.9 ± 4.0 
(No. adequate answers)§ (168) (218) (386) (28) (75) (31) (38) 
Body mass index, mean ± S.D. NA 23.0 ± 3.2 NA 26.6 + 3.95 22.5 + 2.8 23.0 ± 4.5 NA 
(No. subjects analyzed) (274) (37) (91) (31) 
Previous hysterectomy (%) 9.5 10.9 10.3 33.3 9.3 22.6 15.0 
(No adequate answers) (221) (274) (495) (30) (75) (31) (40) 
Previous oophorectomy (%) 7.0 7.7 7.4 16.7 4.1 6.5 10.0 
(No adequate answers) (215) (274) (489) (30) (73) (31) (40) 
Previous use of 
oral contraceptives (%) 3.1 1.5 2.2 0.0 2.6 3.6 2.5 
(No. adequate answers) (261) (274) (535) (29) (76) (28) (40) 
*P < 0.05 (compared with C1 + C2); tP < 0.01 (compared with C1 + C2); :~P < 0.01 (compared with C2); NA -- not applicable. 
§Subjects before menopause are excluded. 
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Table II 
Odds ratio adjusted for age and number of children 
Severe knee OA Severe hip OA Severe spine OA Mild knee OA 
Hysterectomy 
Unadjusted OR 4.35 0.90 2.54 1.54 
(95% CI) (1.93-9.81) (0.39-2.06) (1.04~.19) (0.62-3.84) 
Adjusted OR 4.28 0.89 2.39 1.51 
(95% CI) (1.92-9.57) (0.39-2.05) (1.01-5.65) (0.61-3.70) 
Oophorectomy 
Unadjusted OR 2.52 0.54 0.87 1.40 
(95% CI) (0.914.97) (0.16-1.80) (0.20-3.78) (0.47-4.15) 
Adjusted OR 2.75 0.58 0.88 1.42 
(95% CI) (0.84-8.99) (0.17-1.95) (0.21-3.74) (0.48-4.17) 
Oral contraceptives 
Unadjusted OR * 1.18 1.61 1.12 
(95% CI) * (0.26-5.37). (0.20-12.87) (0.14-8.82) 
Adjusted OR * 1.57 2.24 1.22 
(95% CI) * (0.34-7.28) (0.28-17.87) (0.15-9.75) 
Each group was compared with the group C1 + C2. 
*Unable to calculate. 
categories: < 70 and ~> 70, number of children into: 
~<2 and >~3, and BMI into two: <23 and ~>23. Then 
the adjusted OR and 95% CI were calculated. 
Resu l ts  
Table I shows the basic data in each group. 
Answers to the postal questionnaire were collected 
from 60% (298/500) of C1 subjects, 65% (37/57) of the 
severe knee OA, 76% (91/119) of the severe hip OA 
and 82% (31/38) of the severe spine OA group. 
Nonresponse from surgically treated patients was 
predominantly due to death or change of address. 
The percentage of inadequate data in returned 
questionnaires ranged from 0 to 28% depending on 
questions and groups. In interview-surveyed C2 and 
mild knee OA groups, all data were adequate. After 
exclusion, analysis included 215-284 in the C1 group 
and 274 in the C2; hence 489-558 in the C1 + C2, 
29-37 in the severe knee OA, 73-91 in the severe hip 
OA, 28-31 in the severe spine OA and 40 in the mild 
knee OA: Each OA group had a higher mean age at 
survey than the C1 ÷ C2 (severe knee OA, 71.5 years, 
P < 0.01; severe hip OA, 68.0, P < 0.01; severe spine 
OA, 67.7, P < 0.01; mild knee OA, 63.5, P < 0.05; 
C1 + C2, 59.8). The severe knee OA group, compared 
with the C1 + C2, had a higher number of children 
(3.4 vs 2.5, P <.0.01) and a slightly lower mean age 
at menopause (46.2 vs 48.6; P = 0.052). The severe hip 
OA group had a significantly higher age at 
menarche (16.0 vs 15.2; P < 0.01). As for BMI, the 
severe knee OA group had a higher mean value than 
the C2 (26.6 vs 23.0, P < 0.01). 
Table II shows the unadjusted OR and the OR 
adjusted for age and number of children. The 
C1 + C2 was used as the comparison group. With 
respect to previous hysterectomy, the OR was 
increased in the severe knee OA group (unadjusted 
OR 4.35; 95% CI 1.93-9.81; P-value=0.0002; 
adjusted OR 4.38; 95% CI 1.92-9.57; P-value= 
0.0002). No association was observed between hys- 
terectomy and severe hip OA. The OR was increased 
in the severe spine OA group (unadjusted OR 2.54; 
95% CI 1.04-6.19; P-value = 0.03; adjusted OR 2.39; 
95% CI 1.01-5.65; P-value 0.02). Patients in the mild 
knee OA group tended to have undergone hyster- 
ectomy (unadjusted OR 1.54; 95% CI 0.62-3.84; 
P-value = 0.25; adjusted OR 1.51; 95% CI 0.61-3.70; 
P-value = 0.19). As to previous oophorectomy, noob- 
vious relationship could be found in each OA group, 
although patients with severe knee OA tended to 
have undergone oophorectomy (unadjusted OR 2.52; 
95% CI 0.91-6.97; P-value = 0.07, adjusted OR 2.75; 
95% CI 0.84-8.99; P-value = 0.05). Prior use of oral 
contraceptives was uncommon in our sample 
population, and no relationship could be drawn. 
Present or past rheumatic complaints and  
previous orthopedic operations in the C2 group are 
shown in Table III. While prior orthopedic surgery 
Table III 
Rheumatic omplaints and previous orthopedic surgery 
in C2 
Present or Previous 
previous orthopedic 
complaint (%) surgery (%) 
Knee 31.8 0.4* 
Hip 2.2 0.7t 
Lumbar spine 20.1 0.0 
Cervical spine 2.2 0.45 
*One total knee arthroplasty for knee OA. 
tTwo total hip arthroplasties for hip OA. 
:~One unknown surgery for cervical disc hernia. 
208 Inoue et al. : Gynecological surgery and osteoarthrit is 
Table IV 
Odds ratio adjusted for age, number of children and body mass index 
Severe knee OA Severe hip OA Severe spine OA 
Hysterectomy 
Unadjusted OR 4.07 0.84 2.37 
(95% CI) (1.74-9.50) (0 .35-1 .99)  (0.94-5.97) 
Adjusted OR 6.05 0.58 1.73 
(95% CI) (2.37-15.48) (0 .22-1.56)  (0.68-4.43) 
Oophorectomy 
Unadjusted OR 2.41 0.52 0.83 
(95% CI) (0.84-6.94) (0 .15-1 .78)  (0.19-3.73) 
Adjusted OR 2.70 0.36 0.69 
(95% CI) (0.79-9.26) (0 .09-1 .46)  (0.16-2.96) 
Oral contraceptives 
Unadjusted OR * 1.82 2.50 
(95% CI) * (0.33-10.16) (0.27-23.17) 
Adjusted OR * 2.48 5.05 
(95% CI) * (0.21-29.51) (0.30-85.06) 
Each group was compared with the group C2. 
*Unable to calculate. 
was uncommon, 31.8% of the C2 subjects had 
present or past knee complaints (including previous 
history of knee trauma). Those with mild knee OA 
were compared with the 187 C2 subjects without 
present or past knee complaints. A calcualted OR 
was adjusted for age and number of children, and no 
relationship was observed between mild knee OA 
and previous hysterectomy, oophorectomy or use of 
oral contraceptives: adjusted OR was 1.32 for 
hysterectomy (95% CI 0.52-3.37; P-value = 0.28), 1.44 
for oophorectomy (95% CI 0.46-4.58; P-value = 0.27) 
and 1.27 for previous use of oral contraceptives (95% 
CI 0.14-11.95; P-value = 0.42). 
Table IV shows unadjusted OR and OR adjusted 
for age, number of children and BMI. The C2 was 
used as the comparison group. The severe knee OA 
group still showed an increased chance of having 
had a hysterectomy, with a higher OR (adjusted OR 
6.05; 95% CI 2.37-15.48; P-value = 0.00008). Patients 
in the severe spine OA group tended to have 
undergone hysterectomy, but it was not significant 
(adjusted OR 1.73; 95% CI 0.68-4.43; P-value = 0.12). 
Subjects in the severe knee OA group were further 
classified into primary and secondary OA. Of the 37 
women in the severe knee OA group, 29 had primary 
OA, and eight secondary OA (chondrocalcinosis, 
five; post-traumatic OA, one; osteonecrosis, two). All 
10 hysterectomized women in the severe knee OA 
group were those with primary knee OA. 
The maj or reason for hysterectomy and oophorec- 
tomy in each group was myoma uteri (Table V). This 
was true of 80% of the hysterectomized women with 
severe knee OA, 71% of women with severe spine OA 
and 67% of the hysterectomized subjects in the 
Table V 
Causes of hysterectomy and oophorectomy in each group 
Cause C1 + C2 Severe knee OA Severe hip OA Severe spine OA Mild knee OA 
Causes of hysterectomy 
Myoma uteri 34/51 (67%) 8/10 (80%) 3/7 (43%) 5/7 (71%) 6/6 (100%) 
Cancer 8/51 (16%) 0/10 (0%) 0/7 (0%) 1/7 (14%) 0/6 (0%) 
Uterine prolapse 2/51 (4%) 0/10 (0%) 2/7 (29%) 0/7 (0%) 0/6 (0%) 
Ectopic pregnancy 1/51 (2%) 0/10 (0%) 0/7 (0%) 0/7 (0%) 0/6 (0%) 
Uterine retroversion 1/51 (2%) 0/10 (0%) 1/7 (14%) 1/7 (14%) 0/6 (0%) 
Hydatidiform ole 1/51 (2%) 0/10 (0%) 0/7 (0%) 0/7 (0%) 0/6 (0%) 
Endometriosis 1/51 (2%) 1/10 (10%) 0/7 (0%) 0/7 (0%) 0/6 (0%) 
Unknown 3/51 (6%) 1/t0 (10%) 1/7 (14%) 0/7 (0%) 0/6 (0%) 
Causes of oophorectomy 
Myoma uteri 15/36 (42%) 3/5 (60%) 3/3 (100%) 2/2 (100%) 4/4 (t00%) 
Ovarian cyst 8/36 (22%) 0/5 (0%) 0/3 (0%) 0/2 (0%) 0/4 (0%) 
Ectopic pregnancy 5/36 (14%) 0/5 (0%) 0/3 (0%) 0/2 (0%) 0/4 (0%) 
Cancer 3/36 (8%) 0/5 (0%) 0/3 (0%) 0/2 (0%) 0/4 (0%) 
Hydatidiform ole 1/36 (3%) 0/5 (0%) 0/3 (0%) 0/2 (0%) 0/4 (0%) 
Endometriosis 0/36 (0%) 1/5 (20%) 0/3 (0%) 0/2(0%) 0/4 (0%) 
Unknown 4/36 (11%) 1/5 (20%) 0/3 (0%) 0/2 (0%) 0/4 (0%) 
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C1 + C2. Likewise, myoma uteri had been the reason 
for 60% of the oophorectomized women in the severe 
knee OA group, as opposed to 42% in the C1 + C2. 
The rate o f  surgical menopause in hysterectom- 
ized women in the respective groups was 84% for C 1 + 
C2, 90% for severe knee OA, 57% for severe hip OA, 
86% for severe spine OA and 83% for mild knee OA. 
Discuss ion  
We observed an increased frequency of hyster- 
ectomy in surgically treated patients with knee OA 
after adjustment for age, number of children and 
BMI. Among surgically treated patients with knee 
OA, those with previous hysterectomy were all 
classified into primary knee OA. The study therefore 
suggested that history of hysterectomy is related to 
certain subsets of OA. There is the possibility of 
potential systematic bias in our study. First, a 
referral bias might be involved whereby women 
undergoing surgical treatment for OA are also more 
likely to be investigated and surgically treated for 
intrauterine pathology. However, the rate of 
previous hysterectomy in the severe hip OA group 
was similar to that in the control groups. In addition, 
our preliminary investigation of surgically treated 
patients with rheumatoid arthrit is showed a rate of 
previous hysterectomy similar to the controls (data 
not shown). Thus, such a bias seems to be slight. 
Second, there is a possibility of nonresponse bias, 
because a substantial proportion of the groups in 
which the survey was performed by a postal 
questionnaire did not reply. However, similar ates of 
hysterectomy in the C1 and C2 suggests that our data 
have no important bias from nonresponders. 
The major reason for hysterectomy was myoma 
uteri which is thought to be associated with 
hyperstrogenic background. Thus, the hypothesis of 
Spector et al. [6] that the hormonal background of 
the uterine disease is associated with some 
subgroups of OA may well be one of the possible 
explanations for these results. 
Although the rate of hysterectomy was increased 
in the severe knee OA group, it was not so evident in 
patients with mild knee OA. The possible expla- 
nation for this could be that hysterectomy is related 
to certain subsets of OA wi~ich often take a 
progressive disease course. 
The value of the OR for hysterectomy was also 
high in the severe spine OA group, but it was not 
significant after adjustment for BMI. We defined the 
severe OA patients as those who underwent surgery. 
While definition of the severe OA by the need for 
surgery is adequate for knee and hip joints, surgical 
treatment for spondylosis, in some cases, does not 
necessarily mean that a patient has severe 
radiographic spine OA. Neurological symptoms may 
be affected by the factors uch as the developmental 
spinal canal stenosis or concomitant disc hernia- 
tion. Our study, based on a small number of cases, 
could not clarify the relationship between hyster- 
ectomy and spine OA, especially radiological severe 
spine OA. 
Although there are known risk factors for the 
onset of OA such as obesity, occupation and 
previous trauma [7], we do not have sufficient 
knowledge of the factors relating to disease 
progression. The connection between hysterectomy 
and OA, including severity of OA, needs to be further 
elucidated. 
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